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1351 1400 

TTGCTCAACGCTGCCATGAACCGCGGCCTGCCT'I‘CGTGCCTCGCTGCCGA 
ATGCTCAACGCCGGCATGAACCGGGCCCTTCCGTCCTGCCTCGCTGCCGA 
ATGCTCAACGCCGGCATGAACCGCGGCCTCCCCTCCTGCCTCGCGGCCGA 
ATGCTCAACGCCGGCATGAACCGCGGCCTNCCNTCCTGCCTCGCTGCCGA 

1401 1450 

GGACCCGTCGCTCAACTATCACGGCAAGGGCTTGGACATTCACATCGCTG 
GGACCCTTCCCTCTCTTATCACTGCAAGGGTCTCGACATTGCTGCGGCCG 
AGACCCCTCGCTCTCCTACCACTGCAAGGGCCTCGACATCGCCGCTGCGG 
GGACCCNTCGCTCTCC'I'ATCACTGCAAGGGCCTCGACATTGCCGCNGCNG 

1451 1500 

CTTACGCTTCGGAGCTCGGCCACCTTGCCAACCCGGTCACTACCTTCGTC 
CCTACACTTCCGAGCTCGGTCACCTTGCCAACCCGGTTTCGACCCACGTC 
CGTACACCTCGGAGTTGGGACACCTCGCCAACCCTGTGACGACGCATGTC 
CNTACACTTCGGAGCTCGGNCACCTTGCCAACCCGGTNACGACCCACGTC 

1501 1550 

CAGCCCGCAGAGATGGGCAACCAGGCCGTCAACTCGCTCGCTCTCATCTC 
CAGCCGGCCGAGATGGGCAACCAGGCCATCAAC'I‘CGCTCGCCCTCATCTC 
CAGCCGGCTGAGATGGCGAACCAGGCGGTCAACTCGCTTGCGCTCATCTC 
CAGCCGGCNGAGATGGGCAACCAGGCCGTCAACTCGCTCGCNCTCATCTC 

1551 1600 

CGCGCGCCGCACTGCCGAGGCCAACGACGTCCTTTCTCTCCTTCTCGCCT 
GGCCCGCCGCACCGCCGAGGCGAACGACGTTCTCTCCCTCCTCCTCGCCA 
GGCTCGTCGCACGACCGAGTCCAACGACGTCCTTTCTCTCCTCCTCGCCA 
GGCNCGCCGCACNGCCGAGGCCAACGACGTCCTTTCTCTCCTCCTCGCCA 

1601 1650 

CGCACCTGTACTGCACGCTCCAGGCCGTCGACCTCCGCGCGATGGAGCTC 
CCCACCTCTACTGCGTCCTCCAGGCCGTCGACCTCCGCGCGATGGAGTTT 
CCCACCTCTACTGCGTTCTCCAAGCCATCGACTTGCGCGCGATCGAGTTC 
CCCACCTCTACTGCGTNCTCCAGGCCGTCGACCTCCGCGCGATGGAGTTC 

1651 1700 

GACTTCAAGAAGCAGTTCGACCCGCTTCTCCCGACTCTCCTCCAGCAGCA 
GAGCACACCAAGGCG'I‘TCGAGCCGATGGTCACTGAGCTGTTGAAGCAGCA 
GAGTTCAAGAAGCAGTTCGGCCC’AGCCATCGTCTCGCTCATCGACCAGCA 
GAGTTCAAGAAGCAGTTCGACCCGNTNNTCNCNNCGCTCNTCNAGCAGCA 

1701 1750 

CC'I'CGGCACTGGCCTCGACGTCA — — — ~ — — — — — — ——ACGCACTTGCGCTCG 

CTTTGGCGC-GCTCGCGACGGC — — — — — — ~ — ~ - — — — —CGAAGTCGAGGACA 

CTTTGGCTCCGCCATGACCGGCTCGAACCTGCGCGACGAGCTCGTCGAGA 
CTTTGGCNCNGCCCTCGACGGCNNNNNNNNNNNNNACGAACTCGNGGACA 

1751 1800 

AGGTCAAGAAGGCGCTCAACAAGCGTCTCGAGCAGACGACGACGTACGAC 
AGGTCCGCAAGTCGATCTACAAGCGGTTGCAGCAGAACAACTCGTACGAC 
AGGTGAACAAGACGCTCGCCAAGCGCCTCGAGCAGACCAACTCGTACGAC 
AGGTCAACAAGNCGCTCNACAAGCGNCTCGAGCAGACCAACTCGTACGAC 

Figure 2D 
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2251 2300 

GTGCCAAGAACGGACTTTCCTCCA'I'ACACATGTCGCCTTACTCTCTCGCC 

TTGTCGGAC'I'CGGATCTCGCATCGCTTCTTTCGTTCTTGGCTGCCTCTCT 
NTGNCNNNNNCGGAN'NTNNCN'NCNNNNNNNTNNNNCNTNNCTNNCTCNCN 

2301 2350 

GTCATCACGTCTCTCAGTTCTTTCGTATCCCGCGTCTCTCGGTCGTCAGT 

AG—ACCGTGTCCGTATTACCTCGAGATTGTGAA'I‘ACAAGCAGTACCCATC 
NNNANCNNGTCNNTNNNNNCTNNNGNNTNNNNNNNCNNNCNGTNNNCANN 

2351 2400 

—ACACGTGTATAGAGCCTGGAATGGATTGCAAGTCTTCGAGTTCAAAAAA 

CACGCATCCGATAAATCAGGGAGAGAATCTACGCTTGCGGGAGCTTCTTG 
NACNCNTNNNNNNANNCNGGNANNGANTNNANGNN'I'NCGNGNNCNN'NNNN 

NNNANAAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 

GGCAGCGGCTCACTACCGCCTCGAG 
NNNNNNNNNNNNNNNNNNNNNNNNN 

Figure 2F 
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PHENYLALANINE AMMONIA LYASE 
POLYPEPTIDE AND POLYNUCLEOTIDE 

SEQUENCES AND METHODS OF OBTAINING 
AND USING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part applica 
tion of US. patent application Ser. No. 09/624,693, ?led Jul. 
24, 2000, noW allowed, and is a continuation-in-part appli 
cation of PCT International Application PCT/US01/23270, 
having an international ?ling date of Jul. 24, 2001. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates inter alia to a Rhodot 
orula phenylalanine lyase polypeptide, to polynucleotides 
encoding the polypeptide, and to methods of obtaining and 
using these products. 

BACKGROUND OF THE INVENTION 

[0003] Phenylalanine ammonia lyase (PAL; EC 4.3.1.5.) is 
an enZyme that is found in several plants, yeast, and Strep 
tomyces. PAL catalyZes the nonoxidative deamination of 
L-phenylalanine to trans-cinnamic acid. The enZyme has a 
potential role in the treatment and diagnosis of phenylketo 
nuria (Ambrus et al., Science, 201, 837-839 (1978)) and 
cancer, and is commercially useful for the manufacture of 
L-phenylalanine from ammonia and t-cinnamate. 

[0004] Many references describe PAL-producing yeast 
strains that are useful in fermentation cultures for producing 
phenylalanine. Rhodotorula glutinis can be employed to 
obtain PAL activity in the presence of inducer, but the 
activity reaches a maximum after about six hours of induc 
tion and then diminishes thereafter. PAL similarly is rapidly 
degraded in the absence of the inducer during fermentation 
and has a half-life of approximately 2-5 hours during 
fermentations of most Rhodotorula rubra strains. 

[0005] US. Pat. No. 4,598,047 describes mutant strains of 
Rhodotorula rubra (GX 5902, GX 5903, GX 5904 speci? 
cally) that are useful for PAL production. Rhodotorula 
graminis Wild-type strain KGX 39 (also knoWn as GX 5007) 
is a soil isolate that similarly has PAL activity (Durham et 
al., J. BacL, 160, 771-777 (1984)). KGX 39 has several 
advantages over other production strains of Rhodotorula 
rubra. It groWs 15-20% faster and requires less yeast extract, 
has no L-methionine requirement during induction, and its 
PAL half-life during fermentation is about 8 to 9 hours. R. 
graminis KGX 39, hoWever, is undesirable as a production 
strain due to loW PAL titers obtained during fermentation. 

[0006] An over-producing PAL mutant also has been 
obtained by mutagenesis of strain KGX 39, as described in 
US. Pat. No. 4,757,015. This mutageniZed strain (deposited 
as ATCC 20804) has high PAL speci?c activity and titer, 
high PAL speci?c productivity, high stability, and loWer 
fermentation times to maximum PAL concentration than any 
of the previously-available PAL-producing yeast strains. 

[0007] The use of yeast-derived PAL to produce a variety 
of optically-active unnatural amino acids having phenylala 
nine-like structures as chiral synthons for synthesis recently 
has been described (see, US. Pat. No. 5,981,239, incorpo 
rated by reference in its entirety herein). According to this 
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reference, the stereospeci?c introduction of ammonia is 
accomplished With use of microorganism cells (i.e., cells of 
the yeast strain Rhodotorula graminis ATCC 20804) as the 
biocatalyst for the stereospeci?c conversion. Phenylalanine 
ammonia lyase from R. graminis ATCC 20804 Was found to 
demonstrate broad substrate speci?city for introduction of a 
molecule of ammonia stereoselectively onto the double bond 
of a 3-substituted acrylic acid. This neWly discovered activ 
ity of R. graminis PAL should prove useful commercially. 

[0008] In particular, phenylalanine and its derivatives also 
have been used as essential building blocks in the construc 
tion of various types of biologically active molecules. For 
instance, protease inhibitors employed in the treatment of 
human immunode?ciency virus and human cytomegalovirus 
infections contain a phenylalanine-like architecture as their 
pharmacophores. Presently there is a need for a general 
process of preparing a variety of optically active unnatural 
amino acids (i.e., amino acids that are not found in nature) 
having phenylalanine-like structures as chiral synthons for 
synthesis of these drug candidates. Based on the broad 
substrate speci?city of R. graminis, it Would be useful to 
obtain the polypeptide and nucleic acid sequences of its 
PAL, e.g., amongst other things, for optimiZation of its 
enZymatic activities in these synthesis reactions. 

[0009] Accordingly, While polynucleotides encoding phe 
nylalanine ammonia lyase have been isolated from the 
yeasts Rhodosporia'ium toruloides (PCT WO 88/02824) and 
Rhodotorula rubra (Filpula et al., Nucleic Acids Research, 
16, 11381 (1988), it Would be useful to obtain the poly 
nucleotide sequence of still other species. There is a need for 
strains that can be employed for the production of pheny 
lalanine, phenylalanine analogs, and other optically active 
unnatural amino acids having phenylalanine-like structures. 
The present invention thus is directed, amongst other things, 
to methods, vectors, sequences, and compositions to meet 
that need. These and other objects and advantages of the 
present invention, as Well as additional inventive features, 
Will be apparent from the description of the invention 
provided herein. The description and examples are provided 
to enhance the understanding of the invention, but are not 
intended to in any Way limit the scope of the invention. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention provides a Rhodotorula phe 
nylalanine lyase polypeptide, polynucleotides encoding the 
polypeptide, and methods of obtaining and using these 
products. 

BRIEF DESCRIPTION OF THE FIGURES 

[0011] FIGS. 1A-1B are the alignment of PAL polypeptide 
sequences of R. graminis strain ATCC 20804 (SEQ ID 
NO:13), R. toruloides (SEQ ID NO:19), and R. mucilagi 
nosa (SEQ ID NO:17), and the consensus of these sequences 
(SEQ ID NO:21), as described in Example 3. Gaps in the 
sequence are denoted With a hyphen, “X” (i.e., “Xaa” in the 
three-letter code) means there is no consensus betWeen the 
sequences at that amino acid residue. 

[0012] FIGS. 2A-2F are the alignment of PAL polynucle 
otide sequences (cDNA sequences) of R. graminis (SEQ ID 
NO:12, residues 37-2419), R. toruloides (SEQ ID NO:18), 
and R. rubra/mucilaginosa) (SEQ ID NO: 16, residues 
646-2787), and the consensus of these sequences (SEQ ID 
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NO:20). Gaps in this ?gure are denoted With a hyphen, “N” 
means there is no consensus betWeen the sequences at that 
nucleic acid residue. 

[0013] FIG. 3 is the PAL genomic DNA sequence of 
ATCC 20804 (SEQ ID NO:28) With introns underlined. 

[0014] FIG. 4 is the PAL genomic DNA sequence of KGX 
39 (SEQ ID NO:28) With introns underlined. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] The present invention provides, amongst other 
things, novel puri?ed and isolated yeast PAL sequences, 
particularly those of the yeast Rhodotorula, and especially 
those of the yeast Rhodotorula gramin is. 

[0016] Of course, the sequences of the invention option 
ally can be present either in their polypeptide/protein form 
(e.g., in the “polypeptide sequence”), or, in the form of their 
encoding nucleic acids (e.g., either as puri?ed nucleic acid 
species, and/or in certain of the vectors). As used herein, 
loWer case “pal” refers to a nucleic acid sequence Whereas 
upper case “ AL” refers to an amino acid sequence. 

[0017] PAL Polypeptides 

[0018] The present invention provides, inter alia, novel 
puri?ed and isolated yeast PAL polypeptides. 

[0019] The conventional abbreviations for amino acids 
comprising proteins and peptides are used herein as gener 
ally accepted in the peptide art and as recommended by the 
IUPAC-IUB Commission on Biochemical Nomenclature 
(See, European J. Biochem., 138, 9-37 (1984)). Similarly, 
protein and peptide sequences are Written according to the 
standard convention Wherein the N-terminal amino acid is 
on the left and the C-terminal amino acid is on the right (With 
corresponding nucleic acid sequences being Written in a 5‘ to 
3‘ direction). The term “peptide” as used herein refers to any 
length molecular chain of amino acids linked by peptide 
bonds. As used herein, “protein” refers to the full length (i.e., 
complete) protein. The term “peptide” encompasses the term 
“polypeptide”, Which, as used herein, refers more speci? 
cally to a linear polymer of more than 3 amino acids, and 
Which can either be a complete protein (i.e., having both 
amino and carboxy terminuses), or an incomplete protein 
(i.e., lacking either an amino or carboxy terminus). The 
polypeptides of the invention desirably can be modi?ed such 
as is knoWn in the art. 

[0020] The proteins of the present invention preferably 
comprise an amino end and a carboxyl end. HoWever, 
polypeptides having a modi?ed amino- and/or carboxy 
terminus are desirable since proteins and peptides With 
modi?ed termini are expected to have longer in vivo half 
lives since endopeptidases have reduced activity With 
respect to proteins and peptides With modi?ed termini. The 
polypeptides can comprise D- or L-peptides, or a mixture of 
the D- and L-amino acid forms. Polypeptides (particularly 
proteins) comprising L-amino acids are preferred. HoWever, 
the D-form of the amino acids are also desirable since 
proteins and polypeptides comprising D-amino acids are 
expected to have a greater retention of their biological 
activity in vivo given that the D-amino acids are not recog 
niZed by naturally occurring proteases. 
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[0021] The invention thus also provides puri?ed and iso 
lated yeast PAL polypeptides. An exemplary PAL polypep 
tide has an amino acid sequence de?ned in SEQ ID NO:13. 
PAL polypeptides of the invention preferably are isolated 
from natural cell sources, or chemically synthesiZed, or 
desirably are produced by recombinant procedures involv 
ing host cells of the invention. PAL polypeptides of the 
invention preferably are full-length polypeptides, or variant 
polypeptides such as fragments, truncates, deletion mutants, 
and other variants thereof that retain speci?c PAL biological 
activity. As used herein, “biologically active” refers to a PAL 
polypeptide having at least one of the structural, regulatory 
or biochemical functions of the naturally occurring PAL 
protein. Speci?cally, a PAL protein of the present invention 
has the ability to manufacture phenylalanine, phenylalanine 
analogs, and other optically active unnatural amino acids 
having phenylalanine-like structures, When provided With 
the appropriate substrates. 

[0022] The polypeptide and polypeptide fragments of the 
present invention preferably are prepared by methods knoWn 
in the art. Such methods include, but are not limited to, 
isolating these products directly from cells, isolating or 
synthesiZing DNA encoding these products and using the 
DNA to produce recombinant products, synthesiZing the 
products chemically from individual amino acids, and pro 
duction of fragments by chemical cleavage of existing 
products. 

[0023] The PAL polypeptides can be isolated from a 
biological sample, such as a solubiliZed cell fraction, by any 
standard method knoWn in the art. Some suitable methods 
include precipitation and liquid chromatographic protocols 
such as ion exchange, hydrophobic interaction, and gel 
?ltration, as Well as immunoaf?xity puri?cation. See, for 
example, Deutscher (Ed.), Methods Enzymol (Guide to Pro 
tein Chemistry, Section VII), 182:309 (1990) and Scopes, 
Protein Puri?cation, Springer-Verlag, NeW York (1987). 
Also, puri?ed material desirably is obtained by separating 
the protein on preparative SDS-PAGE gels, slicing out the 
band of interest, and electroeluting the protein from the 
polyacrylamide matrix by methods knoWn in the art. The 
detergent SDS is removed from the protein by knoWn 
methods, such as by dialysis or the use of a suitable column, 
such as the Extracti-Gel column from Pierce. 

[0024] The PAL polypeptides of the invention also can be 
chemically synthesiZed, Wholly or in part, by methods 
knoWn in the art. In particular, chemical synthesis may prove 
useful for production of only portions of a PAL polypeptide 
(i.e., PAL fragments), particularly those fragments less than 
about 200 amino acids in length. Suitable methods for 
synthesiZing the protein are described by Stuart and Young, 
Solid Phase Peptide Synthesis, 2d ed., Pierce Chemical Co. 
(1984), and BodansZky, Principles of Peptide Synthesis, 
(Springer-Verlag, Heidelberg: 1984)). For example, peptides 
can be synthesiZed by solid phase techniques, cleaved from 
the resin, and puri?ed by preparative high performance 
liquid chromatography (HPLC). See, e.g., Roberge et al., 
Science, 269:202-204 (1995). In particular, the peptides can 
be synthesiZed using the procedure of solid-phase synthesis 
(see, e.g., Merri?eld,J. Am. Chem. Soc., 85, 2149-54 (1963); 
Barany et al., Int. J Peptide Protein Res., 30, 705-739 
(1987); and US. Pat. No. 5,424,398), and modi?cations 
thereof. If desired, this can be done using an automated 
peptide synthesiZer (e.g., Perkin Elmer ABI 431A Peptide 
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Synthesizer, or other appropriate synthesizer) according to 
the instructions of the manufacturer. Removal of the t-bu 
tyloxycarbonyl (t-BOC) or 9-?uorenylmethyloxycarbonyl 
(Fmoc) amino acid blocking groups and separation of the 
peptide from the resin can be accomplished by, for example, 
acid treatment at reduced temperature. The peptide-contain 
ing mixture can then be extracted, for instance, With dim 
ethyl ether, to remove non-peptide organic compounds, and 
the synthesiZed peptides can be extracted from the resin 
poWder (e.g., With about 25% W/v acetic acid). FolloWing 
the synthesis of the peptide, further puri?cation (e.g., using 
high performance liquid chromatography (HPLC)) option 
ally can be done in order to eliminate any incomplete 
peptides or free amino acids. Amino acid analysis and/or 
sequencing (e.g., the Edman degradation procedure) can be 
performed on the synthesiZed polypeptides to validate the 
composition of the synthetic peptides. 

[0025] As described in greater detail beloW (section on 
polypeptide expression systems), recombinant PAL protein 
also may be produced in and isolated from a host cell 
transformed With an expression vector containing a pal 
nucleotide sequence and groWn in culture. APAL-encoding 
polynucleotide of the invention can be introduced by any 
means into either a prokaryotic or eukaryotic cell in a 
manner that permits directed expression of a PAL polypep 
tide. In such methods, the host cells are groWn in a suitable 
culture medium and the desired polypeptide products are 
isolated from the cells or from the medium in Which the cells 
are groWn. Isolation of the polypeptides can be accom 
plished by any appropriate means such as is known in the art. 

[0026] The invention includes polypeptides comprising 
amino acid sequences that are substantially homologous to 
the sequences of PAL polypeptides described herein. For 
example, the invention includes polypeptides Whose corre 
sponding amino acid sequences have at least 80%, prefer 
ably at least 90%, more preferably at least 91%, 92%, 93%, 
94%, or 95% identity, and still more preferably at least 98% 
identity (or, also desirably, similarity) With the polypeptide 
sequence de?ned in SEQ ID NO:13. 

[0027] Percent sequence “identity” With respect to a pre 
ferred polypeptide of the invention can be de?ned as the 
percentage of amino acid residues in a candidate sequence 
that are identical to amino acid residues in the reference PAL 
sequence after aligning the sequences and introducing gaps, 
if necessary, to achieve maximum percent sequence identity, 
and not considering any conservative substitutions as part of 
the sequence identity. Percent sequence “similarity” With 
respect to a preferred polypeptide of the invention can be 
de?ned as the percentage of amino acid residues in a 
candidate sequence that are identical to amino acid residues 
in the reference PAL sequence after aligning the sequences 
and introducing gaps, if necessary, to achieve maximum 
percent sequence identity, and also considering any conser 
vative substitutions as part of the sequence identity. 

[0028] Sequence alignment of polypeptides for purposes 
of sequence comparison can be done using a variety of 
multiple alignment servers, most of Which are presently 
available on the Internet, e.g., Clustal W, MAP, PIMA, 
Block Maker, MSA, MEME, and Match-Box. Preferably 
Clustal W (Higgins et al., Gene, 73, 237-244 (1988); Hig 
gins et al., Meth. Enzymol, 266, 383-402 (1996)) is 
employed for sequence alignment of polypeptides (and also, 
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polynucleotides). Similarly, the program BLASTP compares 
an amino acid query sequence against a protein database, 
and TBLASTN compares a protein query sequence against 
a nucleotide sequence database dynamically translated in all 
six reading frames (both strands), and can be employed in 
the invention. 

[0029] Determinations of Whether tWo amino acid 
sequences are substantially homologous (i.e., similar or 
identical) also can be based on FASTA searches in accor 
dance With Pearson et al., Proc. Natl. Acad. Sci. USA, 
85:2444-2448 (1988). Alternatively (but less preferably), 
percent homology is calculated as the percentage of amino 
acid residues in the smaller of the tWo sequences that align 
With identical amino acid residues in the sequence being 
compared, When four gaps in a length of 100 amino acids 
may be introduced to maximiZe alignment. See Dayhoff, in 
Atlas of Protein Sequence and Structure, Vol. 5, p. 124, 
National Biochemical Research Foundation, Washington, 
DC. (1972). 

[0030] In particular, preferred methods to determine 
sequence similarities are designed to give the largest match 
betWeen the compared sequences. Methods to determine 
identity and similarity are codi?ed in publicly available 
computer programs (e.g., such as those previously 
described). Preferred computer program methods to deter 
mine identity and similarity betWeen tWo sequences include, 
but are not limited to, the GCG program package, including 
GAP (Devereux et al., Nucleic Acids Research 12(l):387 
(1984); Genetics Computer Group, University of Wisconsin, 
Madison, Wis.), BLASTP, BLASTN, and FASTA (Altschul 
et al., J. Molec. Biol. 215:403-410 (1990)). The BLASTX 
program is publicly available from the National Center for 
Biotechnology Information (NCBI) and other sources (Alts 
chul et al., BLAST Manual, NCB NLM NIH Bethesda, Md. 
20894; Altschul et al., J. Mol. Biol., 215:403-410 (1990)). 
The Well-knoWn Smith-Waterman algorithm also may be 
used to determine relative identity. 

[0031] By Way of example, using the computer algorithm 
GAP, tWo polypeptides for Which the percent sequence 
identity is to be determined are aligned for optimal matching 
of their respective amino acids (the “matched span”, as 
determined by the algorithm). A gap opening penalty (Which 
is calculated as 3x the average diagonal; the “average 
diagonal” is the average of the diagonal of the comparison 
matrix being used; the “diagonal” is the score or number 
assigned to each perfect amino acid match by the particular 
comparison matrix) and a gap extension penalty (Which is 
usually 1/10 of the gap opening penalty), as Well as a 
comparison matrix such as PAM 250 or BLOSUM 62 are 
used in conjunction With the algorithm. Astandard compari 
son matrix (see Dayhoff et al., in: Atlas of Protein Sequence 
and Structure, vol. 5, supp.3 (1978) for the PAM250 com 
parison matrix; see Henikoff et al., Proc. Natl. Acad. Sci 
USA, 89:10915-10919 (1992) for the BLOSUM 62 com 
parison matrix) is also used by the algorithm. 

[0032] Preferred parameters for polypeptide sequence 
comparison include the folloWing: 

[0033] Algorithm: Needleman and Wunsch, J. Mol. 
Biol. (1970) 481443-453, 

[0034] Comparison matrix: BLOSUM 62 from Heni 
koff and Henikoff, Proc. Natl. Acad. Sci. USA 
89:10915-10919 (1992). 
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[0035] 

[0036] 

[0037] 

Gap Penalty: 12 

Gap Length Penalty: 4 

Threshold of Similarity: 0 

[0038] The aforementioned parameters are the default 
parameters for polypeptide comparisons (along With no 
penalty for end gaps) using the GAP algorithm. 

[0039] Preferred parameters for nucleic acid sequence 
comparison include the folloWing: 

[0040] Algorithm: Needleman and Wunsch, J. Mol 
Biol. 48:443-453 (1970) 

[0041] Comparison matrix: matches=+10, mis 
match=0 

[0042] Gap Penalty: 50 

[0043] Gap Length Penalty: 3 

[0044] The aforementioned parameters are the default 
parameters for nucleic acid molecule comparisons. 

[0045] Other exemplary algorithms, gap opening penal 
ties, gap extension penalties, comparison matrices, thresh 
olds of similarity, and the like may be used by those of skill 
in the art, including use of those parameters set forth in the 
Program Manual, Wisconsin Package, Version 9, September, 
1997. The particular choices to be made Will depend on the 
speci?c comparison to be made, such as DNA to DNA, 
protein to protein, and protein to DNA; additionally, the 
choice depends on Whether the comparison is betWeen pairs 
of sequences (in Which case GAP or BestFit are generally 
preferred) or betWeen one sequence and a large database of 
sequences (in Which case FASTA or BLASTA are preferred). 

[0046] Certain alignment schemes for aligning tWo amino 
acid sequences may result in matching of only a short region 
of the tWo sequences, and this small aligned region may 
have very high sequence identity even though there is no 
signi?cant relationship betWeen the tWo full-length 
sequences. Accordingly, in a preferred embodiment, the 
selected alignment method Will result in an alignment that 
spans at least 66 contiguous amino acids of the claimed 
full-length polypeptide. 
[0047] Apolypeptide also may be considered homologous 
to a PAL polypeptide of the invention if polynucleotides 
encoding the tWo polypeptides hybridiZe With one another. 
A higher degree of homology is shoWn if the hybridiZation 
occurs under hybridiZation conditions of greater stringency. 
Control of hybridiZation conditions and the relationships 
betWeen hybridiZation conditions and degree of homology 
are understood by those skilled in the art (see, e.g., Sam 
brook et al. (Eds.), Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press: Cold Spring 
Harbor, NeW York, pp. 9.47 to 9.51 (1989)), and are as 
previously described, and as described in the examples that 
folloW. Thus, a homologous polypeptide may be a polypep 
tide that is encoded by a polynucleotide that hybridiZes With 
a polynucleotide encoding a polypeptide of the invention 
under hybridiZation conditions having a speci?ed degree of 
stringency. Relationships based on hybridiZation as just 
described do not result in a particular “identity” or “simi 
larity” value being assigned to compared polypeptides, but 
such a value generally can be inferred. 
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[0048] It also may be desirable that such structurally 
homologous polypeptides Will exhibit functional homology, 
insofar as the homologous polypeptide has substantially the 
same function as the polypeptide of the invention. Structur 
ally homologous polypeptides may be considered function 
ally homologous if they exhibit similar biological activity. 
Generally, if 24 out of 80 appropriately aligned residues (i.e., 
30%; more for shorter matches, Sander et al., Proteins, 9, 
56-68 (1991)) are identical betWeen tWo naturally evolved 
proteins, the tWo polypeptides/proteins Will have similar 
three-dimensional structures and similar functions (Chothia 
et al.,EMBOJ., 5, 823-826 (1986); Feng et al.,J. Mol. Evol, 
21, 112-125 (1985). 

[0049] On the other hand, it is also knoWn that tWo 
polypeptides or tWo polynucleotides can be considered to be 
substantially homologous in structure, and yet differ sub 
stantially in function. For example, single nucleotide poly 
morphisms (SNPs) among alleles may be expressed as 
polypeptides having substantial differences in function 
along one or more measurable parameters such as antibody 
or ligand-binding af?nity or enZymatic substrate speci?city, 
and the like. Other structural differences, such as substitu 
tions, deletions, splicing variants, and the like, may affect the 
function of otherWise structurally identical or homologous 
polypeptides. 

[0050] The PAL polypeptides of the invention include 
functional derivatives of the PAL polypeptide de?ned in 
SEQ ID NO:13. Such functional derivatives include 
polypeptide products that possess a structural feature or a 
biological activity that is substantially similar to a structural 
feature or a biological activity of the PAL protein. Accord 
ingly, functional derivatives include variants, fragments, and 
chemical derivatives of the parent PAL protein. 

[0051] As used herein “variant” refers to a molecule 
substantially similar in structure and function to either the 
entire PAL molecule, or to a fragment thereof. A molecule is 
said to be “substantially similar” to another molecule if both 
molecules have substantially similar structures and/or if both 
molecules possess a similar biological activity. Thus, pro 
vided that tWo molecules possess a similar activity, they are 
considered variants, as that term is used herein, even if one 
of the molecules possesses a structure not found in the other 
molecule, or if the sequence of amino acid residues is not 
identical. Among the variant polypeptides provided under 
the invention are variants that comprise one or more changes 
in the amino acid sequence of the PAL polypeptide. Such 
sequence-based changes include deletions, substitutions, or 
insertions in the PAL polypeptide sequence, as Well as 
combinations thereof. 

[0052] Deletion variants of the PAL polypeptides are 
polypeptides in Which at least one amino acid residue of the 
sequence is removed. Deletions can be effected at one or 
both termini of the protein, or With removal of one or more 
residues Within (i.e., internal to) the PAL amino acid 
sequence. Deletion variants include, for example, all incom 
plete fragments of the PAL polypeptides of the invention, 
but particularly, PAL polypeptides comprising deletion of 
one, tWo, three, four, ?ve, or six residues at the amino and/or 
carboxyl terminus. As used herein “fragment” refers to any 
polypeptide subset of the PAL protein. Such fragments 
include, for example, fragments comprising particular 
amino acids of the amino acid sequence de?ned by SEQ ID 
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NO:13, as Well as N-terminally extended fragments of that 
sequence and C-terminal truncates thereof. Fragments of 
PAL that exhibit a biological activity characteristic of PAL 
(e.g., any biological activity characteristics of PAL) are 
desirable. Identi?cation of such fragments is Well knoWn in 
the art, and is further described herein. 

[0053] Substitution variants are provided, including 
polypeptides in Which at least one amino acid residue of a 
PAL polypeptide is removed and replaced by an alternative 
residue. In one aspect, the substitutions preferably are con 
servative in nature, hoWever, the invention also embraces 
substitutions that are non-conservative (e.g., as in cases 
Where an altered biological activity is desired). A conserva 
tive substitution is recogniZed in the art as a substitution of 
one amino acid for another amino acid that has similar 
property. Any substitution can be made, With conservative 
substitutions (as further described herein) being preferred. 
Directed amino acid substitutions may be made based on 
Well de?ned physicochemical parameters of the canonical 
and other amino acids (e.g., the siZe, shape, polarity, charge, 
hydrogen-bonding capacity, solubility, chemical reactivity, 
hydrophobicity, hydrophilicity, or the amphipathic character 
of the residues) as Well as their contribution to secondary 
and tertiary protein structure. Substitution variants can 
include polypeptides comprising one or more conservative 
amino acid substitutions, i.e., a substitution of one amino 
acid by another having similar physicochemical character, as 
desired. To illustrate, the canonical amino acids can be 
grouped according to the categories beloW, and conservative 
substitutions for this purpose can be de?ned according to 
these groupings: 

Aliphatic Side Chains Gly, Ala; Val, Leu, Ile 
Aromatic Side Chains Phe, Tyr, Trp 
Aliphatic Hydroxyl Side Chains Ser, Thr 
Basic Side Chains Lys, Arg, His 
Acidic Side Chains Asp, Glu 
Amide Side Chains Asn, Gln 
Sulfur-Containing Side Chains Cys, Met 
Secondary Amino Group Pro 

[0054] Substitutions preferably are made in accordance 
With Table 1 (beloW) When it is desired to control the 
characteristics of the PAL molecule. The conservative sub 
stitutions generally include those Which are categoriZed as 
part of the Clustal W program as shoWing “strong similarity” 
or “Weak similarity”, as set out in Table 1. 

TABLE 1 

Exemplary Conservative Substitutions 

Original Residue Strong Similarity Weak Similarity 

Ala Gly; Ser Cys; Thr; Val 
Arg Lys Asp; Glu; His; Asn; Gln 
Asn Gln Asp; Glu; Gly; His; Lys; 

Arg; Ser; Thr 
Asp Glu Gly; His; Lys; Asn; Gln; 

Arg; Ser 
Cys Ala; Ser 
Gln Asn Asp; Glu; His; Lys; Arg; 

Ser 
Glu Asp His; Lys; Asn; Gln; Arg; 

Ser 
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TABLE 1-continued 

Exemplary Conservative Substitutions 

Original Residue Strong Similarity Weak Similarity 

Gly Ala Asp; Asn; Ser 
His Tyr Asp; Glu; Phe; Lys; Asn; 

Gln; Arg 
Ile Leu; Val; Met Phe 
Leu Ile; Val; Met Phe 
Lys Arg Asp; Glu; His; Asn; Gln; 

Ser; Thr 
Met Leu; Ile; Val Phe 
Phe Tyr; Trp His; Ile; Leu; Met 
Pro Ser; Thr 
Ser Thr; Ala Cys; Asp; Glu; Gly; Lys; 

Asn; Pro; Gln 
Thr Ser Ala; Lys; Asn; Pro; Val 
Trp Tyr; Phe 
Tyr Trp; Phe; His 
Val Ile; Leu; Met Ala; Thr 

[0055] Substantial changes in structure and/or function of 
a PAL polypeptide are made by selecting conservative 
substitutions that shoW only Weak similarity (as opposed to 
strong similarity), or are more progressive than those in 
Table 1, i.e., selecting residues that differ more signi?cantly 
in their effect on maintaining: (a) the secondary structure of 
the polypeptide backbone in the area of the substitution, (b) 
the charge or hydrophobicity of the molecule at the target 
site, and/or (c) the bulk of the side chain. The substitutions 
that, in general, are more progressive are those in Which: (a) 
glycine and/or proline is substituted by another amino acid, 
or is deleted or inserted; (b) a hydrophilic residue is substi 
tuted for a hydrophobic residue; (c) a cysteine residue is 
substituted for (or by) any other residue; (d) a residue having 
an electropositive side chain is substituted for (or by) a 
residue having an electronegative charge; and/or (e) a resi 
due having a bulky side chain is substituted for (or by) one 
not having such a side chain. 

[0056] Substitution variants, hoWever, also can include 
non-canonical or non-naturally occurring amino acid resi 
dues substituted for amino acid residues in the principal 
sequence (e.g., as set forth in 37 CPR. § 1.822). Substitu 
tion variants include those polypeptides in Which amino acid 
substitutions have been introduced by modi?cation of poly 
nucleotides encoding a PAL polypeptide. 

[0057] Insertion variants also desirably are provided, in 
Which at least one amino acid residue is present in addition 
to a PAL amino acid sequence (e.g., including a PAL amino 
acid sequence having deletions and/or substitutions). Inser 
tions may be located at either or both termini of the 
polypeptide, or may be positioned Within (i.e., internal to) 
the PAL amino acid sequence. Insertion variants also include 
fusion proteins in Which the amino or carboxy terminus of 
the PAL polypeptide is fused to another polypeptide. 
Examples of such fusion proteins include but are not limited 
to immunogenic polypeptides, proteins With a long circu 
lating half-life (e.g., immunoglobulin constant regions), 
marker proteins (e. g., green ?uorescent protein) and proteins 
or polypeptides that facilitate puri?cation of the desired PAL 
polypeptide (e.g., FLAG® tags, polyhistidine sequences, 
and the like). Another example of a terminal insertion is a 
fusion of a signal sequence, Whether heterologous or 
homologous to the host cell, to the N-terminus of the 
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molecule to facilitate the secretion of the derivative from 
recombinant hosts. Intrasequence insertions (i.e., insertions 
Within a PAL molecule sequence) preferably range from 
about 1 to about 50 residues, more preferably from about 1 
to about 10 residues, and most preferably from about 1 to 
about 5 residues. 

[0058] Polypeptide variants of the invention also include 
mature PAL products, e.g., PAL products Wherein any leader 
or signal sequences are removed, as Well as products having 
additional amino terminal residues (e.g., one or more addi 
tional methionine residue at position —1 or —n). Other such 
variants are particularly useful for recombinant protein 
production in prokaryotic or eukaryotic host cells. 

[0059] The invention also encompasses PAL variants hav 
ing additional amino acid residues resulting from use of 
speci?c expression systems. For example, use of commer 
cially available vectors that express a desired polypeptide as 
a glutathione-S-transferase (GST) fusion product yields the 
desired polypeptide having an additional glycine residue at 
position —1 (Gly_1-PAL) upon cleavage of the GST com 
ponent from the desired polypeptide. Variants that result 
from expression in other vector systems are also contem 
plated, as are fusion proteins Wherein the amino and/or 
carboxy termini of a PAL polypeptide is fused to another 
polypeptide, such as a constant region of an immunoglobu 
lin chain or fragment thereof, or a targeting moiety such as 
an antibody or antibody fragment. 

[0060] If desired, the polypeptides of the invention can be 
modi?ed, for instance, by glycosylation, amidation, car 
boxylation, or phosphorylation, or by the creation of acid 
addition salts, amides, esters, in particular C-terminal esters, 
and N-acyl derivatives of the polypeptides of the invention. 
The polypeptides also can be modi?ed to create peptide 
derivatives by forming covalent or noncovalent complexes 
With other moieties. Covalently-bound complexes can be 
prepared by linking the chemical moieties to functional 
groups on the side chains of amino acids comprising the 
polypeptides, or at the N- and/or C-terminus. Further modi 
?cations Will be apparent to those of ordinary skill in the art, 
and are encompassed by the invention. 

[0061] In particular, the invention provides PAL polypep 
tide products that are chemical derivatives of the PAL 
polypeptide de?ned in SEQ ID NO:13. As used herein, the 
term “chemical derivative” refers to molecules that contain 
additional chemical moieties that are not normally a part of 
the naturally-occurring molecule. Such moieties desirably 
can impart desirable properties to the derivative molecule, 
such as increased solubility, absorption, biological half-life, 
and the like. Thus, chemical derivatives of PAL polypeptides 
include polypeptides bearing modi?cations other than (and/ 
or in addition to) insertion, deletion or substitution of amino 
acid residues. Preferably, the modi?cations are covalent in 
nature, and include, for example, chemical bonding With 
polymers, lipids, non-naturally occurring amino acids, and 
other organic and inorganic moieties. In particular, deriva 
tives of the invention preferably can be prepared to increase 
the ability of a PAL polypeptide to be employed for the 
production of phenylalanine, phenylalanine analogs, and 
optically active unnatural amino acids having phenylala 
nine-like structures. 

[0062] For example, methods are knoWn in the art for 
modifying a polypeptide to include one or more Water 
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soluble polymer attachments such as polyethylene glycol, 
polyoxyethylene glycol, or polypropylene glycol. Particu 
larly preferred are PAL products that have been covalently 
modi?ed With polyethylene glycol (PEG) subunits. Water 
soluble polymers can be bonded at speci?c positions, for 
example at the amino terminus of the PAL products, or 
randomly attached to one or more side chains of the 
polypeptide. Additional derivatives include PAL species 
immobiliZed on a solid support, pin microparticle, or chro 
matographic resin, as Well as PAL species modi?ed to 
include one or more detectable labels, tags, chelating agents, 
and the like. 

[0063] DerivatiZation With bifunctional agents can be used 
to cross-link PAL to a Water-insoluble support matrix. Alter 
natively, reactive Water-insoluble matrices such as cyanogen 
bromide-activated carbohydrates and the reactive substrates 
described in Us. Pat. Nos. 3,969,287; 3,691,016; 4,195, 
128; 4,247,642; 4,229,537; and 4,330,440 are employed for 
protein immobiliZation. ImmobiliZation of PAL may be of 
particular utility in its puri?cation and/or assay. 

[0064] Expression of pal variants can be expected to have 
utility in investigating a biological activity characteristic of 
a Wild-type PAL polypeptide. pal variants can be designed to 
retain all biological or immunological properties character 
istic for PAL, or to speci?cally disable one or more particu 
lar biological or immunological properties of PAL. For 
example, fragments and truncates may be designed to delete 
a domain associated With a particular property, or substitu 
tions and deletions may be designed to inactivate a property 
associated With a particular domain. Forced expression 
(overexpression) of such variants (“dominant negative” 
mutants) can be employed to study the function of the 
protein in vivo in its natural host by observing the phenotype 
associated With the mutant. 

[0065] Functional derivatives of PAL having up to about 
200 residues may be conveniently prepared by in vitro 
synthesis. If desired, such fragments may be modi?ed using 
methods knoWn in the art by reacting targeted amino acid 
residues of the puri?ed or crude protein With an organic 
derivatiZing agent that is capable of reacting With selected 
side chains or terminal residues. The resulting covalent 
derivatives may be used to identify residues important for 
biological activity. Other methods such as are knoWn in the 
art similarly can be employed. 

[0066] Functional derivatives of PAL having altered 
amino acid sequences can also be prepared by mutating the 
DNA encoding PAL. Any combination of amino acid dele 
tion, insertion, and substitution may be employed to gener 
ate the ?nal construct, provided that the ?nal construct 
possesses the desired activity. Obviously, the mutations that 
Will be made in the DNA encoding the functional derivative 
must not place the sequence out of reading frame and 
preferably Will not create complementary regions that could 
produce secondary mRNA structure (see, e.g., EP Patent 
Publication No. 75,444). 

[0067] While the site for introducing a variation in the 
amino acid sequence is predetermined, the mutation per se 
need not be predetermined. For example, to optimiZe the 
performance of a mutation at a given site, random mutagen 
esis, such as linker scanning mutagenesis, can be conducted 
at a target codon or target region to create a large number of 
derivatives Which could then be expressed and screened for 
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the optimal combination of desired activity. Alternately, 
site-directed mutagenesis or other Well-knoWn techniques 
may be employed to make mutations at predetermined sites 
in a DNA knoWn sequence. 

[0068] The technique of site-directed mutagenesis is Well 
knoWn in the art, as exempli?ed by publications such as 
Sambrook et al., supra, and McPherson (Ed.), Directed 
Mutagenesis: A Practical Approach, IRL Press, Oxford 
(1991). Site-directed mutagenesis alloWs the production of 
pal functional derivatives through use of speci?c oligonucle 
otide sequences that encode the DNA sequence of the 
desired mutation. Site-directed mutagenesis methods and 
materials are commercially available, e.g., the 
QuikChangeTM kit available from Stratagene (La Jolla 
Calif.). One can selectively generate precise amino acid 
deletions, insertions, or substitutions using this method. 
Amino acid sequence deletions according to the invention 
preferably range from about 1 to about 50 residues, more 
preferably from about 1 to about 30 residues, even more 
desirably from about 1 to about 10 residues, and typically 
are contiguous. 

[0069] Mutations designed to alter the activity of PAL may 
be guided by the introduction of the amino acid residues that 
are present at homologous positions in other phenylalanine 
ammonia lyase proteins (particularly PAL proteins of evo 
lutionarily similar genus/species). It is difficult to predict a 
priori the exact effect any particular modi?cation, e.g., 
substitution, deletion, insertion, etc., Will have on the bio 
logical activity of PAL. HoWever, one skilled in the art Will 
appreciate that the effect Will be evaluated by routine screen 
ing assays. For example, a derivative typically is made by 
linker scanning site-directed mutagenesis of the DNA 
encoding the native PAL molecule. The derivative is then 
expressed in a recombinant host, and, optionally, puri?ed 
from the cell culture, for example, by immunoaf?nity chro 
matography. The activity of the cell lysate or the puri?ed 
derivative is then screened in a suitable screening assay for 
the desired characteristic. For example, a change in the 
immunological character of the functional derivative, such 
as af?nity for a given antibody, is measured by a competitive 
type immunoassay. Changes in other parameters of the 
expressed product may be measured by the appropriate 
assay. 

[0070] pal Polynucleotides 

[0071] The present invention provides, inter alia, novel 
puri?ed and isolated polynucleotides encoding yeast PAL 
polypeptides. The polynucleotides of the invention include 
DNA sequences and RNA transcripts, and both sense and 
complementary antisense strands. DNA sequences of the 
invention preferably include cDNA or genomic sequences. 
“Nucleic acid” as used herein refers to an oligonucleotide or 
polynucleotide sequence, and fragments or portions thereof, 
and to DNA or RNA of cellular or synthetic origin (or 
mixtures thereof), Which may be double-stranded or single 
stranded, Whether representing the sense or antisense strand. 
The term nucleic acid is used interchangeably With the term 
“polynucleotide”, Which can have any length. By compari 
son, an “oligonucleotide” is a nucleic acid species that has 
less than about 50 bp. An exemplary double-stranded poly 
nucleotide according to the invention can have a ?rst strand 
(i.e., a coding strand) having a sequence encoding a PAL 
polypeptide, along With a second strand (i.e., a “comple 
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mentary” or “non-coding” strand) having a sequence deduc 
ible from the ?rst strand according to the Watson-Crick 
base-pairing rules for DNA. Double-stranded or “duplex” 
structures may be DNA:DNA, DNA:RNA, or RNA:RNA 
nucleic acids. A preferred double-stranded polynucleotide 
according to the invention is a cDNA having a nucleotide 
sequence de?ned by SEQ ID NO:12 (e.g., residues 37 to 
2196 or portions thereof) or a genomic DNA having a 
sequence de?ned by SEQ ID NO:28 (e.g., residues 1 to 2589 
or portions thereof, particularly residues 1 to 361, 449 to 
880, 961 to 1295, 1365 to 1529, 1587 to 1748, 1822 to 1947, 
2008 to 2589, and/or residues 2008 to 2586). An exemplary 
single-stranded polynucleotide according to the invention is 
a messenger RNA (mRNA) encoding a PAL polypeptide. 
Another exemplary single-stranded polynucleotide is an 
oligonucleotide probe or primer that hybridiZes to the coding 
or non-coding strand of a polynucleotide de?ned by SEQ ID 
NO:12 (e.g., residues 37 to 2196 or portions thereof) or SEQ 
ID NO:28 (e.g., residues 1 to 2589 or portions, thereof, 
particularly residues 1 to 361, 449 to 880, 961 to 1295, 1365 
to 1529, 1587 to 1748, 1822 to 1947, 2008 to 2589, and/or 
residues 2008 to 2586). Other alternative nucleic acid struc 
tures, e.g., triplex structures, are also contemplated by the 
invention. 

[0072] The PAL cDNA of the invention comprises the 
protein-coding region for a PAL polypeptide and includes 
allelic variants of the preferred polynucleotides of the inven 
tion, such as single nucleotide polymorphisms of the Wild 
type gene. Allelic variants are knoWn in the art to be 
modi?ed forms of the Wild-type (predominant) gene 
sequence, and Which similarly are re?ected as changes in 
cDNA from the variant as compared to cDNA from a 
Wild-type gene. Allelic variants are detected as cDNAs from 
naturally occurring sequences, as opposed to cDNAs from 
non-naturally occurring variants, Which arise from in vitro 
manipulation. 

[0073] The invention in particular comprehends cDNA, 
Which is obtained through reverse transcription of a RNA 
polynucleotide encoding PAL folloWed by second strand 
synthesis of a complementary strand to provide a double 
stranded DNA (e.g., as described in the Examples Which 
folloW). Also, the invention provides genomic DNA encod 
ing PAL. For instance, the invention desirably provides a 
cDNA sequence that encodes a polypeptide having the 
amino acid sequence de?ned by SEQ ID NO:13. The 
invention also desirably provides a genomic DNA that 
encodes a polypeptide having the amino acid sequence of 
SEQ ID NO:13. In preferred embodiments, the invention 
provides polynucleotides comprising a nucleotide sequence 
de?ned by SEQ ID NO:12 (e.g., residues 37 to 2196 or 
portions thereof) or by SEQ ID NO:28 (e.g., residues 1 to 
2589 or portions, thereof, particularly residues 1 to 361, 449 
to 880, 961 to 1295, 1365 to 1529, 1587 to 1748, 1822 to 
1947, 2008 to 2589, and/or residues 2008 to 2586). 

[0074] As noted, a particularly preferred polynucleotide 
sequence according to the invention is de?ned by SEQ ID 
NO:12 (e.g., residues 37 to 2196 or portions thereof) or SEQ 
ID NO:28 (e.g., residues 1 to 2589 or portions, thereof, 
particularly residues 1 to 361, 449 to 880, 961 to 1295, 1365 
to 1529, 1587 to 1748, 1822 to 1947, 2008 to 2589, and/or 
residues 2008 to 2586). HoWever, because the genetic code 
is redundant or “degenerate” in its information-encoding 
properties, different nucleotide sequences may encode the 
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same polypeptide sequence, as is Well known in the art. 
Accordingly, the invention comprises the alternative (degen 
erate) nucleotide sequences that encode PAL polypeptides of 
the invention and functional equivalents thereof. For 
example, the invention includes polynucleotides comprising 
nucleotide sequences that are substantially identical to the 
pal sequence of SEQ ID NO:12 (e.g., residues 37 to 2196 or 
portions thereof) or SEQ ID NO:28 (e.g., residues 1 to 2589 
or portions, thereof, particularly residues 1 to 361, 449 to 
880, 961 to 1295, 1365 to 1529, 1587 to 1748, 1822 to 1947, 
2008 to 2589, and/or residues 2008 to 2586). More particu 
larly, the invention includes polynucleotides Whose corre 
sponding nucleotide sequences have at least 80%, preferably 
at least 90%, more preferably at least 95%, and still more 
preferably at least 99% identity With a nucleotide sequence 
de?ned in SEQ ID NO: 12 (e.g., residues 37 to 2196 or 
portions thereof) or SEQ ID NO:28 (e.g., residues 1 to 2589 
or portions, thereof, particularly residues 1 to 361, 449 to 
880, 961 to 1295, 1365 to 1529, 1587 to 1748, 1822 to 1947, 
2008 to 2589, and/or residues 2008 to 2586). 

[0075] Along these lines, the sequence (e.g., one synthe 
siZed in a laboratory) can be partially or Wholly theoretical, 
e.g., obtained by reference to or based on a pal polynucle 
otide or polypeptide sequence. Exemplary theoretical 
sequences include the derived consensus set forth in SEQ ID 
NOS:20 and 21. 

[0076] In particular, the present invention preferably pro 
vides an isolated and puri?ed yeast phenylalanine ammonia 
lyase polynucleotide comprising the sequence of SEQ ID 
NO:20, Wherein residues 117, 135, 190, 191, 195, 276, 1196 
to 1198, 1724 to 1735, 1880, 1881, and 2187 to 2475 are 
absent, residues 13, 34, 46, 115, 164, 251, 266, 315, 330, 
333, 340, 348, 423, 450, 456, 468, 555, 570, 675, 681, 716, 
723, 783, 921, 1176, 1380, 1383, 1407, 1446, 1449, 1452, 
1488, 1542, 1554, 1563, 1617, 1677, 1683, 1776, 1872, 
1895, 1950, 1971, and 1976 are B (i.e., are selected from the 
group consisting of C or G or T (or U)), residues 49, 119, 
331, 463, 715, 1270, 1684, 1708, 1762, 1768, 2001, 2145, 
and 2183 are D (i.e., are selected from the group consisting 
ofA or G or T (or U)), residues 59, 73, 102, 145, 233, 264, 
357, 483, 758, 1042, 1241, 1470, 1509, 1690, 1745, 1962, 
and 2151 are H (i.e., are selected from the group consisting 
ofA or C or T (or U)), residues 51, 57, 144, 168, 201, 312, 
405, 475, 963, 1043, 1281, 1308, 1675, 1678, 1681, 1693, 
1952, and 2146 are V (i.e., are selected from the group 
consisting ofA or C or G), residues 79, 729, 1710, and 1873 
are Y (i.e., are selected from the group consisting of C or T 
(or U)), residues 84, 199, and 1723 are W (i.e., are selected 
from the group consisting of A or T (or U)), residues 82, 200, 
732, and 744 are S (i.e., are selected from the group 
consisting of C or G), residues 106, 108, 284, and 743 are 
M (i.e., are selected from the group consisting of A or C), 
residue 730 is K (i.e., are selected from the group consisting 
of G or T (or U)), residues 76 and 77 are A, residues 68, 75, 
1855, 1857, 1858, 1860, 1862, and 1874 are C, and residues 
69, 1856, 1859, 1861, 1875 are T. The invention further 
desirably provides an isolated and puri?ed yeast phenylala 
nine ammonia lyase polynucleotide comprising the 
sequence of SEQ ID NO:29. 

[0077] As used herein, “identity” is a measure that can be 
used to compare sequences. Identity differs from “homol 
ogy”, Which is a conclusion draWn from identity or similar 
ity data that tWo sequences (i.e., genes) share a common 
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evolutionary history. In particular, identity is the number of 
positions in an alignment of sequences that have the same 
residue (i.e., amino acid or nucleic acid). Percent sequence 
identity With respect to polynucleotides of the invention can 
be de?ned as the percentage of nucleotide bases in a 
candidate sequence that are identical to nucleotides in the 
pal-encoding sequence after aligning the sequences and 
introducing gaps, if necessary, to achieve maXimum percent 
sequence identity. Computer softWare is available (from 
commercial and public domain sources) for calculating 
percent identity in an automated fashion. Similarity is the 
number of positions in an alignment of sequences that have 
a similar residue (i.e., amino acid residue, this is not done for 
nucleic acid sequences). 

[0078] In particular, alignment of nucleotide sequences for 
purposes of similarity comparisons can be done using, e.g., 
the standard tools BLAST (Basic Local Alignment Tool, 
Altschul et al., Meth. EnzymoL, 266, 466-480 (1996), or, the 
nucleotide derivatives of this program, BLASTN (compares 
a nucleotide query against a nucleotide sequence database), 
BLASTX (compares the siX-frame conceptual translation of 
a nucleotide query sequence (both strands) against a protein 
sequence database (Madden et al., Meth. EnzymoL, 266, 
131-140 (1996)) or FASTA (Pearson, Proc. Natl. Acad. Sci, 
85, 2444-2448 (1988)). Other appropriate programs simi 
larly can be employed for sequence alignment and sequence 
comparison such as is knoWn in the art. A particularly 
preferred program for making such comparisons is Clustal 

[0079] Variant polynucleotides of the invention further 
include fragments of the nucleotide sequence de?ned in 
SEQ ID NO:12 (e.g., residues 37 to 2196 or portions 
thereof) or SEQ ID NO:28 (e.g., residues 1 to 2589 or 
portions, thereof, particularly residues 1 to 361, 449 to 880, 
961 to 1295, 1365 to 1529, 1587 to 1748, 1822 to 1947, 
2008 to 2589, and/or residues 2008 to 2586) and homologs 
thereof. The disclosure of full-length polynucleotides encod 
ing PAL polypeptides makes readily available to the person 
having ordinary skill in the art every possible fragment of 
the full-length polynucleotides. For instance, these can be 
produced by cleavage of the full length protein, or by 
synthesis of only a portion of the protein (i.e., using recom 
binant or chemical means). Preferably, fragment polynucle 
otides of the invention comprise sequences unique to the 
PAL-encoding nucleotide sequence, and therefore hybridiZe 
under highly stringent or moderately stringent conditions 
only (i.e., speci?cally) to polynucleotides encoding PAL or 
fragments thereof containing the unique sequence. Poly 
nucleotide fragments of cDNA sequences of the invention 
can comprise not only sequences unique to the coding 
region, but also include fragments of the full-length 
sequence derived from untranslated sequences (e.g., the 
leader sequence). Sequences unique to polynucleotides of 
the invention are recogniZable through sequence comparison 
to other knoWn polynucleotides, and can be identi?ed 
through use of computer softWare routinely used in the art, 
e.g., alignment programs available in public sequence data 
bases, as previously described. 

[0080] The invention also provides fragment polynucle 
otides that are conserved in one or more polynucleotides 
encoding members of the PAL family of polypeptides. Such 
fragments include sequences characteristic of PAL polypep 
tides, referred to as “signature” sequences. The conserved 
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signature sequences many times can be discerned following 
simple sequence comparison of polynucleotides-encoding 
members of the PAL family. Polynucleotide fragments of the 
invention can be labeled in a manner that permits their 
detection, including radioactive and non-radioactive label 
mg. 

[0081] Hybridization according to the invention includes 
the process of forming partially or completely double 
stranded nucleic acid molecules through sequence-speci?c 
association of complementary single-stranded nucleic mol 
ecules. The invention, therefore, further encompasses the 
use of nucleic acid species that hybridiZe to the coding or 
non-coding strands of a polynucleotide that encodes a PAL 
protein. Preferred hybridiZing species hybridiZe to the cod 
ing or non-coding strand of the nucleotide sequence de?ned 
by SEQ ID NO:12 (e.g., residues 37 to 2196 or portions 
thereof) or SEQ ID NO:28 (e.g., residues 1 to 2589 or 
portions, thereof, particularly residues 1 to 361, 449 to 880, 
961 to 1295, 1365 to 1529, 1587 to 1748, 1822 to 1947, 
2008 to 2589, and/or residues 2008 to 2586). Also encom 
passed by the present invention are species that Would 
hybridiZe to a PAL-encoding polynucleotide but for the 
redundancy of the genetic code, i.e., polynucleotides that 
encode the same amino acid sequence but rely on different 
codon usage. 

[0082] HybridiZing species include, for eXample, nucleic 
acid hybridiZation or ampli?cation probes (e.g., oligonucle 
otides or polynucleotides) that are capable of detecting 
nucleotide sequences (e.g., cDNA or genomic sequences) 
encoding PAL or closely related molecules, such as cDNAs 
of genomic alleles. The speci?city of the probe, i.e., Whether 
it is derived from a highly conserved, conserved, or non 
conserved region or domain, and the stringency of the 
hybridiZation or ampli?cation conditions (high, intermedi 
ate, or loW) Will determine Whether the probe identi?es only 
cDNAs made naturally occurring PAL, or made from related 
sequences. Probes for the detection of related nucleotide 
sequences are selected from conserved or highly conserved 
regions of PAL family members and such probes may be 
used in a pool of degenerate probes. For the detection of 
identical nucleotide sequences, or Where maXimum speci 
?city is desired, oligonucleotide probes are selected from the 
non-conserved nucleotide regions or unique regions of pal 
polynucleotides. As used herein, the term “non-conserved 
nucleotide region” refers to a nucleotide region that is 
unique to pal disclosed herein and does not occur in related 
pal family members. 

[0083] Speci?city of hybridiZation is typically character 
iZed in terms of the degree of stringency of the conditions 
under Which the hybridiZation is performed. The degree of 
stringency of hybridiZation conditions can refer to the melt 
ing temperature (Tm) of the nucleic acid binding compleX 
(see, e.g., Berger and Kimmel, “Guide to Molecular Cloning 
Techniques,”Methods in Enzymology, Vol. 152, Academic 
Press, San Diego Calif. (1987)). “Maximal stringency” 
typically occurs at about Trn —5° C. (5° C. beloW the Trn of 
the probe); “high stringency” at about 50 C. to 10° C. beloW 
Tm; “intermediate stringency” at about 10° C. to 20° C. 
beloW Tm; and “loW stringency” at about 20° C. to 25° C. 
beloW Tm. 

[0084] Also, the stringency of hybridiZation can refer to 
the physicochemical conditions employed in the procedure. 
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To illustrate, eXemplary moderately stringent hybridiZation 
conditions are: hybridiZation in 3x saline sodium citrate 
(SSC), 0.1% sarcosyl, and 20 mM sodium phosphate, pH 
6.8, at 65° C.; and Washing in 2x SSC With 0.1% sodium 
dodecyl sulfate (SDS), at 65° C. Exemplary highly stringent 
hybridiZation conditions are: hybridiZation in 50% forma 
mide, 5x SSC, at 42° C. overnight, and Washing in 0.5>< SSC 
and 0.1% SDS, at 50° C. It is understood in the art that 
conditions of equivalent stringency can be achieved through 
variation of temperature and buffer, or salt concentration as 
described Ausubel et al., (Eds.), Current Protocols in 
Molecular Biology, John Wiley & Sons (1994), pp. 6.0.3 
6.4.10. Modi?cations in hybridiZation conditions can be 
determined empirically or calculated precisely based on the 
length of the oligonucleotide probe and the percentage of 
guanosine/cytosine (GC) base pairing of the probe. The 
hybridiZation conditions can be calculated as described in 
Sambrook et al., (Eds.), Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press: Cold Spring 
Harbor, NY. (1989), pp. 9.47-9.51. 
[0085] The artisan Will appreciate that hybridiZation under 
more stringent conditions enables the identi?cation of spe 
cies having a higher degree of homology or sequence 
identity With the target sequence. By contrast, hybridiZation 
under less stringent conditions enables identi?cation of 
species having a lesser but still signi?cant degree of homol 
ogy or sequence identity With the target sequence. Therefore, 
also included Within the scope of the present invention are 
nucleic acid species that are capable of hybridiZing to the 
nucleotide sequence of SEQ ID NO: 12 (e.g., residues 37 to 
2196 or portions thereof) or SEQ ID NO:28 (e.g., residues 
1 to 2589 or portions, thereof, particularly residues 1 to 361, 
449 to 880, 961 to 1295, 1365 to 1529, 1587 to 1748, 1822 
to 1947, 2008 to 2589, and/or residues 2008 to 2586) under 
conditions of intermediate (moderate) to maXimal strin 
gency. Preferably, the hybridiZing species hybridiZe to the 
coding or non-coding strands of a polynucleotide de?ned by 
SEQ ID NO:12 (e.g., residues 37 to 2196 or portions 
thereof) or SEQ ID NO:28 (e.g., residues 1 to 2589 or 
portions, thereof, particularly residues 1 to 361, 449 to 880, 
961 to 1295, 1365 to 1529, 1587 to 1748, 1822 to 1947, 
2008 to 2589, and/or residues 2008 to 2586) under highly 
stringent conditions. 
[0086] The polynucleotides of the invention include poly 
nucleotides (i.e., nucleic acid species of any length) and 
oligonucleotides (i.e., nucleic acid oligomers typically from 
about 5 to about 50 nucleotides in length) that hybridiZe to 
either the coding or the non-coding strands of a nucleic acid 
(e.g., a cDNA or genomic DNA) encoding a PAL amino acid 
sequence. In particular, the invention comprises polynucle 
otides and oligonucleotides that hybridiZe to the coding or 
non-coding strand of a polynucleotide de?ned by SEQ ID 
NO:12 (e.g., residues 37 to 2196 or portions thereof) or SEQ 
ID NO:28 (e.g., residues 1 to 2589 or portions, thereof, 
particularly residues 1 to 361, 449 to 880, 961 to 1295, 1365 
to 1529, 1587 to 1748, 1822 to 1947, 2008 to 2589, and/or 
residues 2008 to 2586). A length of the polynucleotide or 
oligonucleotide is preferred such that the polynucleotide or 
oligonucleotide is capable of hybridiZing to the target 
nucleic acid molecule. With use of an oligonucleotide for 
hybridiZation, desirably the oligonucleotide should not be 
longer than necessary. Accordingly, desirably the oligo 
nucleotide should contain at most from about 30 to 50 
nucleotides, preferably at most from about 20 to about 25 














































































































